A number of fungal lectins have been reported, some of which are considered to be responsible for possible symbio tic mechanisms in bacterium-host systems (reviewed in Refs. 1 and 2). Only a few instances have been reported, however, of the involvement of a fungal lectin in symbiotic or parasitic recognition such as fungal-plant, fungal-fungal, fungal-algal, or fungal-nematode interactions (2) . The nature of the involvement of lectins in saprophytic interac tions of Basidiomycetes (mushrooms) growing in humic soil remains unclear.
On the other hand, several lectins from mushrooms have proved to be useful probes for the detection and fractiona tion of specific carbohydrate structures of glycoconjugates (3-6). A lectin from the fruiting body of Psathyrella velutina mushroom (PVL) is known to be specific for nonreducing terminal N-acetylglucosamine (GlcNAc) (7, 8). The remarkable specificity toward non-reducing terminal GlcNAc residues leads to the expectation that PVL would be a useful reagent for glycoconjugate separation and histochemical detection of specific markers, because glyco1To whom correspondence should be addressed. Tel: +81-3-5978-5343, Fax: +81.3-5978.5344, E-mail:hogawa@cc.ocha.ac.jp Abbreviations: EEDQ, N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquino line; HRP, horseradish peroxidase; NeuAc, N-acetylneuraminic acid; PBS, 10mM phosphate-buffered saline (pH 7.0); PVL Psathyrella velutina lectin; TBS, 10mM Tris-buffered saline (pH 7.5).
c 1999 by The Japanese Biochemical Society, sylation lacking terminal galactosylation or sialylation has been reported for several pathological states, such as IgGs from rheumatoid arthritis patients (9) and rat hepatoma (10). In fact, the use of PVL as a GlcNAc-detecting reagent in diagnostic and biochemical analyses is increasing (11) (12) (13) (14) .
Recently, we found that the differential binding of PVL to oligosaccharides appears to be due to both the number and linkage of non-reducing terminal NeuAc and GlcNAc residues. PVL is, therefore, capable of fractionating sialo oligosaccharides and detecting sialoglycoconjugates when used in combination with desialylation (15).
In this study, the interactions of PVL with acidic polysac charides were investigated and the relationship to GlcNAc/ NeuAc binding was determined. Suitable conditions were found for suppressing the binding activity to acidic polysac charides while retaining GlcNAc/NeuAc binding activity. It would be valuable to use the lectin as a carbohydratespecific reagent to elucidate its correct binding specificity and find a way to regulate binding activity. Taking into account the presence of a counterpart lectin to PVL in mycelium, the biological significance of the lectin in this saprophytic fungus will be discussed.
MATERIALS AND METHODS
Materials-PVL from fruiting bodies and mycelium lectin were purified as described previously (15 Preparation of Biotinyl PVL-Biotinylation of PVL was performed as described previously (15) by employing reaction times of 15 min or 4 h in early experiments. For both GlcNAc-and heparin-binding, longer reaction times for biotinylation gave higher detection sensitivity, prob ably because more biotinyl groups could be introduced into PVL. Therefore, the reaction time of 4 h was used in this study to achieve extensive biotinylation. To protect the binding sites on PVL, GcNAc, or heparin at a final concen tration of 10mM or 1.6mg/ml, respectively, was added to the reaction buffer. Circular Dichroism Spectroscopy-CD spectra of PVL (0.1mg/ml in PBS) were measured at 190 to 250nm with a Model J-725 Spectropolarimeter (JASCO, Tokyo) in the presence or absence of 1mM GlcNAc, 5mM GlcNAc, or 0.3 mg/ml heparin in a quartz cell (cell length 0.05cm). CD spectra of PVL were obtained by averaging 10 wavelength scans and were corrected by subtracting scans for buffer or ligand in buffer. The analysis was performed with computer software SSE-338 using the reference CD data of Yang (21). 
RESULTS
Interaction of PVL and Mycelium Lectin with Heparin on the Membrane-After electrophoresis and electroblot-ting onto a PVDF membrane, PVL and the mycelium lectin of P. velutina were allowed to react with heparin-HRP.
As shown in Fig. 1 was used as a probe, a similar dose-dependency was observed, as shown in Fig. 2B . The binding activity for heparin-BSA was retained in PVL biotinylated in the presence of heparin, while it was completely lost by biotinylation in the absence of heparin; the presence of GlcNAc during biotinylation provided no protection of the heparin-binding activity (Fig. 2B) . PVL biotinylated in all cases retained GlcNAc-binding activity as detected by solid phase assay using immobilized asialoagalactofetuin, and the binding was not inhibited by heparin at a concentration of 6mg/ml (data not shown). This result suggests that the heparin binding site is susceptible to biotinylation. Since the N-terminal sequence of PVL is blocked (our unpub lished results), certain Lys residue(s) in PVL are thought to be essential for binding to heparin but not to GlcNAc.
As shown in Fig. 2C , the maximum binding to heparin-HRP was observed at pH 7 in two different buffer systems: combined glycine-HCl (pH 2-4), AcONa-AcOH (pH 4-6), NaH2PO4-Na2HPO4 (pH 6-8), and Tris-HCl (pH 8-9) buffers, and unified citrate-phosphate buffers (pH 3-7). PVL immobilized in the well bound to biotinyl GlcNAc5-6 in a concentration-dependent manner at pH 2 to 9 (data not shown) and, as shown in Fig. 2D , the maximum binding to biotinyl GlcNAc5-6 was observed at pH 3-4, which is differ ent from heparin binding. Alternatively, when GlcNAc5-6-BSA neoglycoprotein was immobilized on the well, HRP-PVL showed the same pH dependency of binding with an optimal pH of 4 (data not shown).
Effects of Ionic Strength on Heparin Binding of PVLAs shown in Fig. 2E , the heparin binding of PVL at pH 7 decreased with increasing concentrations of NaCl or Na2SO4 as well as several heparin binding proteins of animal origin (18, 22), with some binding still existing at salt concentrations above 0.5 M. This suggests that the binding of PVL to heparin is due mainly to electrostatic interactions and that these interactions occur under physio logical conditions. None of the inhibitory polysaccharides except heparin contains any GlcNAc or NeuAc residues; and the finding that heparan sulfate and hyaluronic acid do not inhibit the binding indicates that PVL does not recognize the internal GlcNAc residues of heparin because heparan sulfate and hyaluronic acid contain more GlcNAc than heparin, which contains N-sulfated GlcN as a major hexosamine. The binding specificities found for PVL are, therefore, quite Sandwich Affinity Chromatography on diN-Acetylchito biamyl Sepharose-Purified PVL binds completely to a diN-acetylchitobiamyl Sepharose gel after incubation, and, when heparin-HRP was subsequently applied to the col umn, the heparin neoproteoglycan bound to the column and was eluted with 0.2M GlcNAc in association with PVL, as shown in Fig. 5A . Since heparin-HRP did not bind to the column in the absence of PVL, as shown in Fig. 5B , these results indicate that the heparin neoproteoglycan binds to the column via PVL that is preadsorbed to the diN-acetyl chitobiamyl Sepharose gel. The sandwich affinity chro matography suggests that PVL can bind to heparin-and GlcNAc-containing macromolecules simultaneously at different binding sites. This finding suggests that PVL may serve as an adhesion molecule by forming a multicom ponent complex including acidic polysaccharides and other glycoconjugates containing GlcNAc/NeuAc.
Interaction of PVL with Sulfatide-As shown in Fig. 6A , biotinyl PVL prepared in the presence of GlcNAc binds to sulfatide in a concentration dependent manner, but the binding is not inhibited by GlcNAc, heparin, or NeuAc (data not shown). When PVL biotinylated in the presence of heparin was used, the same inhibition potency results were obtained (data not shown). In contrast to heparin binding, PVL binding to sulfatide is not dependent on either chloride or sulfate ions (Fig. 6B) , suggesting that the binding is not due to an electrostatic interaction. The binding mode with sulfatide seems distinct from those with other ligands, but the nature of sulfatide binding remains unclear.
DISCUSSION
Solid phase assays utilizing neoproteoglycans, neoglyco proteins, and biotinyl oligosaccharides, in combination with HRP-or biotin-labeled lectin, showed that PVL binds to acidic polysaccharides and sulfatide. We previously report ed that PVL interacts not only with non-reducing terminal GlcNAc but also with NeuAc and GalNAc, and further, with internal GlcNAc of the N-acetyllactosamine structure at common binding sites, and that the binding is inhibitable by GlcNAc. In those interactions, the N-acetyl group plays an essential role in PVL binding (15). The sites that interact with acidic polysaccharides and GlcNAc are considered to be independent for the following reasons: (i) the most potent inhibitory polysaccharides do not contain GlcNAc or N-acetyl groups, and the binding activity to heparin is not inhibited by GlcNAc and vice versa (Table I and Fig. 3); (ii) the binding of heparin and GlcNAc show different pH dependencies (Fig. 2, C and D) ; (iii) the heparin-binding activity is destroyed by biotinylation of PVL while the GlcNAc-binding activity is retained (Fig. 2B) ; (iv) the CD spectrum of PVL was affected by GlcNAc but not by heparin (Fig. 4) . PVL has four GlcNAc-binding sites per monomer, and may form a multimer in the absence of 10% glycerol (7). The fact that heparin-binding activity is not inhibited by GlcNAc and vice versa, however, suggests that different sites are involved in GlcNAc and heparin binding.
In accordance with this, PVL could bind to diN-acetylchito biamyl Sepharose and heparin neoproteoglycan simultane ously and be eluted specifically by GlcNAc in association with heparin (Fig. 5) . PVL exhibited heparin binding even after SDS-PAGE (Fig. 1) , similar to vitronectin. Heparin-binding consensus motifs such as XBBXBX and XBBBXXBX, where B is a basic amino acid (23) , are contained in many heparin binding proteins including vitronectin but not in the pri mary sequence of PVL. PVL contains basic motifs in its peptide sequence comprising seven homologous repeats, i. e. five repeats of RX(D or E)BHXR and four repeats of BB, where B = K or R and X = V, I, L, or P, and these motifs may serve as heparin-binding motifs. On the other hand, the use of PVL as a sugar-specific probe in histochemical and biochemical analyses of glyco conjugates could produce misleading information concern ing the nature of glycoforms, disregarding the multispeci ficity. When using PVL as a detection reagent, the exten sive biotinylation of amino groups on PVL, or incubation at pH 4 instead of pH 7 for the binding assay would be useful to circumvent the interference by acidic polysaccharides without harming the GlcNAc-binding activity.
The binding of PVL and the mycelium lectin to acidic polysaccharides observed in this study may be biologically relevant to a saprophytic interaction in a humic soil originating from plant or wood. As shown here, PVL can simultaneously interact with different receptors and crosslink them, e.g., pectin or polygalacturonic acid, components of the plant cell wall, N-acetyl containing sugar residues, alginic acid, or sulfatide on bacterial cell surfaces.
Other Eumycota lectins from Arthrobotrys oligospora, a nematode-trapping fungus, and Agaricus bisporus have been reported to interacct with sialoglycoproteins, dextran sulfate, and fucoidan (24) . The affinity for pectin, polyga lacturonic acid, alginic acid, and heparin is unique to PVL, although some similarities in binding specificity are ob served despite the lack of sequence similarity between lectins and PVL. As reported recently, A. bisporus lectin might be a defense molecule that has an antiproliferative effect on epithelial cell growth without cytotoxity by being internalized and blocking the uptake of nuclear proteins into the nucleus (25) . Some possibilities are that multi ligand adhesive lectins function in chemotactic responses to mobilize defense systems, to link fungi with sources of nutrition, or to form fruiting bodies. Further investigation of the biological receptors of PVL as well as its spatial and developmental regulation needs to be clarified in order to elucidate the function of this lectin.
